A 1-hour application of indole-3-acetic acid to bean (Phaseolus vulgaris L. cv. Red Kidney) explants inhibited abscission for an 8-hour aging period. Use of indole-3-acetic acid-'4C showed that the applied indole-3-acetic acid was conjugated within explant tissue and that this conjugation mechanism accounts for loss of effectiveness of indole-3-acetic acid in inhibiting abscission after 8 hours. Reapplication of indole-3-acetic acid to an explant at a later time, before the induced aging requirement was completed reinhibited abscission. 2,4-Dichlorophenoxyacetic acid, which is not destroyed or conjugated by this system, did not lose its ability to inhibit abscission. It was concluded that indole-3-acetic acid destruction is one of the processes involved in the aging stage of abscission in explants.
Indoleacetic acid has been demonstrated to effectively inhibit abscission in many plant systems if it is applied to the distal cut surface of petioles (10, 14, 15, 17) . The applied auxin has been supposed to replace the continuous auxin supply from the leaf (14, 20) . However, the mechanism by which IAA exerts its inhibition properties on abscission is unknown. Research has been primarily concerned with auxin transport systems, auxin balances, and auxin concentrations. Such work is well summarized in recent review articles (2, 12) .
There has been no correlation between time of application, location, or form of auxin at the time it functions to inhibit abscission processes. This paper presents a series of experiments designed to determine movement and conjugation of IAA in explants as correlated with initiation of abscission.
MATERIALS AND METHODS
Plant Material. Bean plants (Phaseolus vulgaris L. cv. Red Kidney), were grown at 24 + 2 C, 64% relative humidity, and a 12-hr photoperiod from fluorescent and incandescent lamps with 1200 ft-c at plant level. Petiole abscission zone explants from the primary leaf were excised from 14-day-old plants and inserted into a 3-mm layer of 1.5% agar contained in 43 + 2-ml gas collection bottles (5, 6) . During the experiments, the explants were exposed to 25 C and 400 ft-c of continuous fluorescent light. Un ments repeated on three different occasions with three sets of 10 explants.
Application of Chemicals. Indole-3-acetic acid, the conjugates and derivatives of IAA (indoleacetyl aspartate, indoleacetamide, and ethyl indoleacetate), and 2,4-D were applied by placing a 50-Al drop of 1.5% agar containing the compound on the distal cut surface of the explant. In instances where the agar was subsequently removed, the explant was wiped with a moist tissue (10) . The concentration of growth substance supplied in the agar was 50 M for IAA and its derivatives and 500 AM for 2,4-D.
These concentrations of IAA and 2,4-D were selected as being effective for inhibition of abscission (1, 8, 10 Ethylene Treatnent. Earlier papers from this laboratory have described the treatment of explants with ethylene in gas collection bottles and the measurement of ethylene by gas chromatography (3, 6) . Since the addition of auxin to explants will promote ethylene production (6) , explants were kept in a 10-ul/liter ethylene atmosphere to eliminate any influence auxin-induced ethylene would have on abscission. Break strength of the separation layer was measured with a recording abscissor (9) . Initial break strength refers to the break strength of a freshly excised explant. IAA has disappeared. Quantitative assay for free IAA-14C indicated that by 3 hr after application almost no free IAA remained (Table I) .
The conjugates of IAA were not effective as abscission inhibitors (Table II) . Ethyl indoleacetate was most effective, but it only inhibited loss of break strength 76% compared with IAA, which inhibited loss of break strength 92%.
This information suggested that the conjugation mechanism could be a primary factor in the loss of effectiveness of IAA in preventing abscission. To test this hypothesis, we applied 2 ,4-D. Since 2,4-D is not conjugated in the tissue (7), there should be no loss of break strength at 8 hr after the 1-hr treatment. 2 ,4-D is similar to LAA in its ability to prevent abscission, and application of 2,4-D to an explant 7 hr after excision will prevent loss of break strength (Fig. 4) . However, the data in Figure 5 indicate that 2,4-D does not lose its effectiveness in inhibiting loss of break strength at 8 hr after a 1-hr application.
If an initial 1-hr application of LAA from 7 to 8 hr after excision is followed by a second 1-hr application of fresh IAA at a later time, the subsequent loss of break strength is again effectively inhibited (Table III) . Figure 1 . Application of auxin to a bean explant up to 7 hr after excision from the leaf inhibited the normal loss of break strength. Delaying application of IAA more than 7 hr reduced its ability to prevent abscission. Figure 2 demonstrates that a 1-hr application of LAA from 7 to 8 hr after excision delayed the loss of break strength by approximately 8 hr. The loss of break strength then paralleled the loss of break strength in agar-treated control explants. Abscission at this time appeared to be normal in all respects.
The loss in effectiveness of a 1-hr application of IAA in preventing abscission after 8 hr suggests that there might have been some changes in the transport, conjugation, or destruction of auxin so that it was no longer able to inhibit abscission. The use of IAA-'4C allowed us to follow movement and destruction of free IAA in bean explants.
Preliminary experiments showed no difference in total 14C activity of explant fractions with progressing times after the 1-hr IAA-'4C application. Extraction and chromatographic separation of the 14C activity from explants indicated that the free IAA was rapidly lost in all three fractions of the explant (Fig. 3) .
The conjugates of IAA form within 1 hr and remain after the 
DISCUSSION
Tlhe available data suggest that auxin acts as an aging retardant and thus inhibits abscission by preventing the metabolic changes necessary for the formation of enzymes that degrade cell tissue in the separation layer. The data in Figure 1 agree with previous work from this (10) and other laboratories (15, 17) , that there is a fixed period of time in which IAA can be added to an explant and inhibit abscission.
However, data in Figure 2 show that explants treated with IAA for 1 hr begin to abscise 8 hr after control tissue. This suggests that stage 1 of the abscission process, aging (5, 10), is delayed for approximately 8 hr in bean explants by a 1-hr treatment with IAA, and that it takes the 8 hr by which IAA delays aging to effectively remove auxin from the explant tissue containing its active site for inhibiting abscission. The loss in effectiveness could be due to either IAA transport or IAA destruction mechanisms within the tissue.
Other workers (13) have reported on transport systems that indicate a basipetal movement of auxin in freshly excised bean explants. Our data do not disagree with these results, but indicate that movement of auxin probably plays a minor role in the loss of effectiveness of IAA as an abscission inhibitor. Total '4C activity of the explant tissue sections changed very little during the short experimental time following LAA-14C removal. However, data in Figure 3 and Table I demonstrated that the IAA was unavailable to inhibit abscission 3 hr after application.
Indications were that IAA was rapidly converted to the conjugates of IAA. Figure 3 shows that indoleacetyl aspartate is formed with another unidentified fraction with an RF similar to that reported for indoleacetyl-,-glucoside (21) . The indoleacetamide is probably due to ammonolysis of indoleacetyl-3-glucoside (22) . Other workers have reported conjugation of naphthaleneacetic acid in Coleus explants (18, 19) and conjugation of IAA in cotton explants (16) . In these studies, the aspartic acid derivative was reported as the conjugate formed.
Previous work involving auxin and abscission have used a continuous auxin supply and thus could not be used to indicate what happens to application of auxin where the auxin source is removed. The latter would more nearly represent the natural situation in explant tissue where the primary leaf is removed or under natural conditions where the leaf could no longer supply auxin to basipetal tissue because of death or other modification of leaf cells.
It is assumed in these studies that auxin stimulation of ethylene production within the explant would have no effect, since any ethylene requirement for abscission would be satisfied by the 10 ,l/liter ethylene present in the gas collection bottles (4, 14) .
The conjugates of IAA did not appear to be an important controller of abscission. The ethyl indoleacetate inhibited loss of break strength to a greater extent than the other conjugates, but it too does not appear in tissue at 3 hr after application of IAA (Fig. 3) .
If the conjugation mechanism is a primary method by which LAA is removed from tissue to prevent it from inhibiting abscission, then replacement with an auxin that is not conjugated should prevent the loss of break strength that occurs 8 hr after a 1-hr application. The herbicide 2,4-D has been used as an abscission inhibitor (8) and is similar to IAA in preventing abscission if applied by 7 hr after excision (Fig. 4) . Data in Figure 5 show that 2,4-D, which is not conjugated (7), did not lose its effectiveness 8 hr after a 1-hr application, but instead continued to inhibit abscission for the entire time this experiment was conducted.
To establish whether unconjugated IAA could still inhibit abscission after the first 8-hr IAA induced aging delay, we reapplied auxin at a later time. Data in Table III demonstrate that IAA will inhibit loss of break strength if available to the explant tissue before delayed aging is completed.
Our data support the idea of Gorter and Veen (11) that auxin controlled abscission is not dependent upon translocation of auxin, but is probably mediated by immobilization of auxin through the conjugation mechanism. However, this does not fully explain the time period of aging (10, 17) , since the applied IAA is effectively removed by 3 hr after application, yet the extended aging stage is 8 hr long. It appears that IAA destruction is only one of the steps in aging of explant tissue, but that all the steps can be inhibited by the presence of IAA at any time during aging.
